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(54) ACYLUREA COMPOUNDS AND THEIR USE 
law^of Q w ^fli9 I 5 A "Pf I 9 Y AG., a body corporate organised according to the 




H 2 C 



h" "1m-, 0 



^CH-C-NH-C — NH— (CH 2 ) 3 — (0-CH 2 -CH,) 



1'n 



/CH-C-MH-C_NH-(CH J ) J . 



0) 



10 



wherein m is 1 or 2 and n is an integer having a value of 1 to 100 If m i« 2 th* 
compounds contain two /J-chloropropionic acid I radicals (CIh'c^H — CoZ/?n 
f^Zii 6 com P°"nds with t wo acrylic acid radicals (H 2 c4cH^O— ) that is 
sa y com P°«nds of the > formula (1) wherein m is 1, are pa^icul^l^duable 
««i „£ Urt, i er ionP 0 ™** to be singled out are those of the formula (I) of which the 
poly^ycol chain « not very Jong for example possess^f^wer than 'So 

co^n^theTormulaf- ^ ™ y eSpeciaUy be mentioned the 



10 



15 



[c. 



be 



— -,CH — C — NH — C — NH 
H Jm-i O O 



(CH 2 ) 3 — (O-CHj- CH 2 ) n ^ 



— CH-C-NH-C-NH--(CH 2 > : 
Hjm-, O 0 



(2) 



15 



H 2 C 



H 2 C 



CH-C-NH-C-NH-(CH 2 ) 3 CO.- CH 2 -CH 2 > n 

0 0 1 



CH-C-NH-C-NH-(CH 2 ) 3 
O 0 



(3) 



H 2 C 



H, C 



[Price 33p] 



CH-C -NH-C - ( CH 2 > 3 _( O - CH 2 -CH 2 ) ^ 

o o 



CH-C — NH — C— NH 
B II 
0 O 



(CH 2 ) 3 



(4) 
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wherein n, denotes an integer having a value of 1 to 10 and n, denotes an integer 
having a value of 1 to 5. 

The compounds of the formulae (1) to (5) can readily be prepared in 
accordance with the reaction sequence shown below: 



♦ 2 N = C-CH= CH 2 



H — f 0 — CH 2 CH 2 J n 

I HO 



N=C-CH r CH 2 - (0- CH 2 — CH 2 ) n 



I 



NsC-CH 2 - CH 2 O 

♦ 8 



H 2 N-CH 2 - CH 2 - CH 2 (-0-CH 2 -CH 2 ) n 



H 2 N-CH 2 CH 2 -CH 2 



♦ 2 Cl-CH 2 -CH 2 -C-NCO \ III 



Cl — CH Z -CH 2 -C-NH-C-NH-(CH 2 ) 3 — <0-CH 2 -CH 2 ) n 

O O ' 



Cl — CH,-CH.— C-NH-C-NH-C CH,>, 

2 2 II II I 23 

O O 

-2 HCl I IV 

H,C=CH— C-NH-C-NH-(CH-), (O— CH,— CH,)„ 

2 • II II 23 22n 

O 0 



H,C 



,C=-CH— C— NH-C-NH- (CH-). 
0 0 



As can be seen from the above comments, ethylene glycol or lower 
polyethylene glycols with 2, 3, 4 or 5 — (CH 2 — CH 2 — O)-! grouls are preferaMv 
S«S/«Jhe preparation of the acyl compounds in Veac&tagS I PoIyethS 

n feft ^n h, f nSn m °J ™ ,ar We, r*V for example 300, 400, 600, 1 ,000. 1 ,450, 1 ,5(X)! 

0 J"-**), 2,000, 3,000 or 4,000, can also be used. It is also possible to start from mixtures of 1 C 

ffi? n,>fc? .^P, 0 ""? 5 ' ^chwill above all beof relevance in the case of the 
mSSrf, £ ri?? * e glyC ° nce the con "" f rcially available products are as a rule 

Sc^St.^' a 8reater or ,esser scatter of the quoted avera * e 

5 th^ Z!?5, Cr ? j Iin ^ in8 agents ^ed according to the invention can be employed in 15 
the textde industry and leather industry, the manufacture of paper, the plastics 
industry, the glue industry and the gelatine industry. Above all, they are used I S 
hardeners for water-soluble polymers which contain amino, imino and/or hydroxvl 
groups such as polyvinyl alcohol, gelatine or gelatine derivatives, especially in the 

3 i^f. la yf", containing such colloids, of photographic materials. The reaction 20 
of these colloids with these compounds in general takes place easily and in the 
usual manner. The compounds are as a rule sufficiently water-soluble 

In most cases it sufficies to add the products to be used according to the 
invention, as an aqueous solution or in a solid form which is as finely divided as 

5 possible, to an aqueous solution of the hydrophilic colloid with good stirring ?s 
It is thus possible, for example, to bring together a solution of the crosslinkine 
agents in water, or in water mixed with, for example, ethanol, methanol or 



acetone, with the colloids at normal or slightly elevated temperature. Gelatine 
which optionally contains silver halide and/or other components required for the 
production of photographic images, has proved particularly suitable for this 
purpose. The gelatine can, in the usual way, be cast on a base to form a layer and 
5 can be dried. The layer can then be left at elevated temperature or at room s 

temperature for a certin period*, for example up to 24 hours. In the course thereof 
hardening takes p ace rapidly and progressively; the melting point of the gelatine is 
raised substantially, for example by 25 to 60° C, and the reciprocal swelling factor 
increases correspondingly (compare Table 1). 
10 The amount of the hardener used depends on the desired degree of hardening i n 

but is suitably 0. 1 to 10 per cent by weight, based on the weight of the dry gelatine 

A particular advantage of the present crosslinking agents is that when 
they are used in low concentration they impart an adequate degree of 
hardness to the gelatine layers in as little as, for example, 24 to 48 hours, so that the 
15 castings can be tested by processing the samples immediately following their ic 

preparation, even at elevated temperature or in chemically aggressive processing 
oacns. 

It is a further advantage that in the hardening according to the invention 
using the compounds of the formula (1), no significant change in pH in the 
20 emulsion layer occurs. 

The hardening effect itself is very stable; even after prolonged storage at 20 
temperatures around 40°C and at a relative atmospheric humidity of about 1$/ no 
decrease in the reciprocal swelling factor is in general to be observed 

The degree of hardening is also not significantly changed by acids or bases 
25 even on prolonged exposure thereto, and this indicates that the hardener-gelatine >>c 

bond has great resistance to hydrolysis. " 

ff T he compounds used according to the invention are in addition generally 
sufficiently soluble in water and are very stable in aqueous solutions at low and 
medium pH values. 

30 The good stability and adequate solubility are both particularly important ™ 

properties which, for example, decisively determine the ability to use the 30 
compounds in photographic technology. Thus, for example, it is particularly 
desirable, for the continuous manufacture of photographic materials, that batches 
of solutions of crosslinking agents should remain stable at room temperature for 

35 several hours or days and that the concentration of the hardener, and hence its 

aoihty to crosslink gelatine, should not decrease or should only decrease 35 
insignificantly. On the other hand, it is equally important, for the same reason, that 
there should only be an insignificant, if any, decomposition or reaction with water 
of the hardener in the casting solution at about 40°C during the requisite standing 

40 time and dwell time so as to maintain the full crosslinking action of the hardener 

over the course of several hours during casting, drying and storage of the 40 
photographic material. *" ° 

Furthermore, the viscosity of the casting solution should not increase 
significantly during the standing time, as a result of the addition of the hardener It 
45 J? furthermore particularly improtant that the hardener should cause no yellowing a* 
togging or effect on the gradation even on prolonged treatment of the cast layer at 
fairly high temperature and atmospheric humidity. 

The compounds of the general formula (1) meet these strict requirements with 
regard to stability to hydrolysis particularly successfully 

50 ^y^L^^n^^n^^u for hardening (crosslinking) the most diverse 50 

layers containing gelatine, such as, for example, intermediate layers emulsion 
ayers, base layers, coating layers, backing layers and anti-Ma5o5"kw» 
layers can not only contain the crosslink^! agents but also addftives of Si most 
St««™ C ^' SJ i ch M ' fo J. exam 5! e ' silver halide, pigments such as barium sulphate 

55 titanium dioxide or silicon dioxide or organic pigments such a? coloured « 
pigments, as well as image dyestuffs, colour coupling agents sensklsers filter 
dyestuffs, anti-halation dyestuffs and screen Aycs^JXS^UV^J^ 

ff-tSS^ aseMS ' """ iL,,s - aMisIM * AS SEE'S 

These new crosslinking agents can also be used as mixtures with other 
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compounds suitable for the crosslinking of water-soiubJe colloids, especially of 
gelatine- 
Example 1 . 

33.6 g (0.2 mol ) of l,2-bis-(/3-cyanoethoxy)-ethane are dissoloved in a mixture 
5 of 400 ml of tetrahydrofurane and 120 ml of water. 6 g of Raney nickel are added 5 
whilst stirring and a solution of 30.4 g (0.8 mol) of sodium borohydride in 100 ml of 
8 N potassium hydroxide solution and 180 ml of water is allowed to run in 
dropwise, whilst keeping the temperature at between 20° and 25°C over the course 
of the reduction. The reaction is allowed to take place until no further hydrogen is 
10 evolved. The tetrahydrofurane layer is then separated from the aqueous layer in a 10 
separating funnel. The aqueous part is washed with 90 ml of tetrahydrofurane and 
the two tetrahydrofurane solutions are combined and dried over sodium 
carbonate. The solvent is evaporated off in vacuo, 3000 ml of benzene 
are added to the residue, the insoluble component is filtered off and the benzene is 
15 again distilled off. The residue is distilled in a high vacuum, whereupon l,2-bis-(3- 15 
amino-propoxy)-ethane (product of reaction II, n=l) passes over at 88° to 
91 °C/0.26 mbar. 21.5 g are obtained. 

100 ml of absolute acetonitrile are initially introduced into a flask equipped 
with a stirrer, thermometer, calcium chloride tube and two dropping funnels and 
20 are cooled to between -5° and -10°C. 26.4 g (0.15 mol) of the bis-(3- 20 
aminopropoxy)«ethane obtained are dissolved in 180 ml of absolute ether in one of 
the dropping funnels; in the second dropping funnel, 40 g (0.3 mol) of /5-chloro- 
propionyl isocyanate are dissolved in 180 ml of absolute ether. 

These two solutions are now added dropwise in equivalent amounts, over the 
25 course of one hour, to the acetonitrile taken initially, whilst stirring well and 25 
keeping the temperature at -5° to -10°C. After the addition, the reaction mixture 
is allowed to warm to room temperature and the white precipitate is filtered off. 
The solvent is dissolved in 600 ml of boiling ethanol and the solution is allowed to 
crystallise. The crystallisation is repeated once more in the same way. After drying 
30 in a vacuum cabinet, 42.5 g of the product of reaction III (formula (2), m=2, n,=l , 30 
compare also Table 1, No. 6) of melting point 126 to -128^G are obtained, 

40 g (0.09 mol) of the bis-chloropropionyi compound thus obtained are dissolved 
in OU ml ol absolute acetone at 50°C. 6 g of hydroquinone are added and the 
solution is cooled to 0°C. 

20.05 g (0.198 mol) of triethylamine are added thereto and the mixture is 35 
stirred for 8 hours at room temperature. The triethylammonium chloride which 
has separated out is then filtered off and the solvent is evaporated off in vacuo at 
30°C. The residue is suspended in 50 ml of water and the product is extracted with 
twice 40 ml of chloroform, The extract is dried over potassium carbonate and the 
solvent is distilled off. The resulting oil is recrystallised three times from a mixture 40 
of 400 ml of ethyl acetate/ether (1:1) with the addition of a little active charcoal. 
After drying in vacuo, 23.2 g of the product of reaction IV (formula (3), m=l , n,=l , 
compare Table 1, No. 1) of melting point 98° to 100°C are obtained. 

Example 2. 

1,350 (0.4 mol) of bis-(/3-cyanoethoxy)-diethyl ether are diluted with 1,600 ml 45 
of absolute tetrahydrofurane and hydrogenated, together with 450 g of liquid 
ammonia and 130 g of Raney cobalt catalyst for 4 hours in an autoclave at 100°C 
and 120 bars. After the absorption of hydrogen has ceased, the catalyst is filtered 
off. The solvent is distilled off under normal pressure and the residue is 
fractionated in a high vacuum. 50 

1,217 g (boiling point 115 to I16°/0.065 mbar, yield 87%) of 1,13-diamino- 
4,7,10-trioxatridecane of the formula 



H 2 N— (CH 2 ) 3 — O— CH 2 — CH 2 — O— CH 2 — CH 2 — O— (CH 2 ) 3 — NH 2 
are obtained. 

328 ml (3.2 mols) of 3-chIoropropionyl isocyanate are initially introduced into 55 
3 I of toluene and 330 g (1.5 mols) of l,13-diamino-4,7J0-trioxatridecane are then 
added gradually. The reaction product which has separated out is filtered off and is 
recrystallised from methanol (Table 1, compound No. 7). Yield: 620 s (85%). 
Melting point: 95°C. ■ 

585 g (1.2 mols) of the 3-chIoropropionylurea obtained are dissolved in 2.5 1 of 
acetone and 426 ml of triethylamine are added. After 15 hours, the 
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15 
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triethyiammoniurn chloride which has precipitated is filtered off. About half the 
solvent is removed in vacuo and 1.2 1 of ether are added. On intense cooling, the 
acryloylurea (Table 1, compound No. 2) crystallises out as a white powder. Yield: 
423 g=85%, melting point 63— 66°C. 

Example 3. 

Analogously to the instructions given in Example 2, and starting from the 
dinitriles from reaction I, it is possible to prepare, via reaction sequence II and ill: 
the compounds of the formula (2) wherein m=2 and n,=3, 4 or about 33, that is to 
say No. 8, 9 and 10 of Table 1). 

Elimination of hydrogen halide (reaction IV) leads to the compounds of the 
formula (3), wherein n 1= 3, 4 or about 33 (see No. 3, 4 and 5 of Table 1). 



Example 4. 

In the examples which follow, the reciprocal swelling factor is used as a 
measure of the hardening. The samples are prepared as follows: 6 ml of a 6% 
strength gelatine solution, 1 ml of a 1% strength aqueous solution of the dyestuff of 
the formula 



10 



15 



20 



25 



30 



ho 3 s 



OH N=N 





NH-CO 




NH- 



;co 



I ml of an 0.025 molar hardener solution and 5 ml of deionised water are mixed 
and adjusted to pH=6.5. The solution is poured onto a 13 cm x 18 cm triacetate 
?A m A^l er solidifying at 10°C, the product is dried over the course of one hour at 
20 C. The dyestuff merely serves to make the samples more readily visible during 
the swelling measurements. The materials are stored at room temperature (normal 
storage: 18° to 22°Q 50% relative atmospheric humidity) or climatically controlled 
conditions (climatically controlled storage, 42° to 44°C, 69% relative atmos- 
pheric humidity). 

To determine the reciprocal swelling factor, a thin section of 20u is prepared 
from each of the samples and measured under a microscope. The thickness of the 
dry gelatine layer is then determined, deionised water is then added and after 4 
minutes the thickness of the swollen gelatine layer is measured. The reciprocal 
swelling factor 1/SF corresponds to the following ratio* 



1/SF= 



Thickness of the dry layer 
Thickness of the swollen layer 



The results are summarised in Table 1; in these, R t denotes the radical of the 
formula 

H 2 C=CH— CO— NH— CO— NH— 
35 and R 2 the radical of the formula 

CI — H 2 C — CH 2 — CO — NH — CO — NH — . 

In the case of the compounds with the radical R„ in particular, the 
climatically controlled storage does not impair the degree of crosslinking of the 
gelatine. Alkaline processing baths are also as a rule unable to exert an 
40 unfavourable influence on the degree of crosslinking. This applies in particular 
also to colour developers when processing chromgenic material 
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TABLE 2 



.Cross linking agent 
g/100 g of gelatine 


Relative sensitivity 
log E 


Gradation 


Fogging 


0 


-031 


1.98 


0D5 


2.9 


-0.26 


1.45 - 


0.05 


5.8 


-0.24 


1.46 


0.03 



The flattening of the gradation corresponds to the influence which 
crosslinking agents usually exert on photographic layers. 

WHAT WE CLAIM IS:— 
L Acylurea compounds of the formula 



H 2 C 



- CH-C-NH-C — NH- (CH,),— (0- CH,- CH,!,, 



HjC 



Z CH_C-NH_C-NH-(CH 2 ) 3 . 

O 



fC" H] m _, 0 



wherein m is 1 or 2 and n denotes an integer having a value of 1 to 100 
2. Acylurea compounds of the formula 



CH — C — NH — C — NH 



— (CH 2 ) 3 — (0-CH 2 - CH 2 ) 



H,C — 

2 X 



7 CH-C-NH-C-NH-|CH 2 ),- 

[CI Hj m . t 0 0 



10 



wherein m is 1 or 2 and n, denotes an integer having a value of 1 to 10. 
3. Acylurea compounds of the formula 



10 



H 2 C 



CH— C-NH-C -NH - ( CH 2 ) 3 (0 - CH 2 - CH 2 ) n 

0 0 i 



H 2 C 



CH-C-NH-C— NH-{CH 2 ), 

o o 



wherein n, denotes an integer having a value of 1 to 10. 
4. Acylurea compounds of the formula 



15 



H 2 C 



H 2 C 



CH-C-NH-C — (CH 2 ) 3 — (O- CH 2 -CH 2 ) n 



a 
o 



CH-C-NH-C-NH — (CH 2 ), 
ft 11 23 



15 



wherein n 2 denotes an integer having a value of 1 to 5. 
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5. Process for crosslinking hydrophilic colloids which contain amino, imino 
and/or hydroxyl groups, characterised in that at least one compound of the 
composition indicated in one of Claims 1 to 4 is used as the crosslinking agent. 

6. Process according to Claim 8, characterised in that polyvinyl alcohol or 

5 gelatine, especially in layers of a photographic material, are crosslinked. 5 

7. Process according to Claim 6, characterised in that gelatine, especially in 
layers of a photographic material, is crosslinked. 

8. The hydrophilic colloids crosslinked according to one of Claims 5 to 7. 

9. The layers of a photographic material crosslinked according to Claim 7. 

10 10. Photographic material which contains, in at least one layer on a carrier, a 10 

hydrophilic colloid crosslinked with at least one of the compounds of the formula 
indicated in Claims I to 4. 

11. The photographic image produced with the photographic material 
according to Claim 10. 

15 12. An acylurea compound which is one of the acylurea compounds as set 15 

forth in the foregoing Examples 1—4. 

13. A process for crosslinking gelatin using an acylurea compound 
substantially as hereinbefore described with reference to the foregoing Examples 
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